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rf INTERNATIONAL » ' Norcross, GA 30092

Phone 770-447-1144
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July 30, 2009 www.nacintl.com

U.S. Nuclear Regulatory Commission
11555 Rockville Pike
Rockville, MD 20852-2738

Attn: Document Control Desk

Subject: Submittal of NAC Response to NRC Request for Additional Information (RAI)
for the Review of the Certificate of Compliance No. 9225, Revision for the Model
No. NAC-LWT Package to Incorporate Alternate Shipping Configurations for
TPBARs and Fuel Rods

Docket No. 71-9225, TAC No. L24329

Reference: 1. Model No. NAC-LWT Package, U.S. Nuclear Regulatory Commission (NRC)
Certificate of Compliance (CoC) No. 9225, Revision 50, December 2008

2. Safety Analysis Report (SAR) for the NAC Legal Weight Truck Cask,
Revision 39, NAC International, October 2008

3. Submittal of a Request for an Amendment of Certificate of Compliance (CoC)
No. 9225 for the NAC-LWT Cask to Incorporate Alternate Shipping
Configurations for TPBARs and Fuel Rods, NAC International, March 23,
2009

4. Request for Additional Information for Review of the Certificate of
Compliance No. 9225, Revision for the Model No. NAC-LWT Package,
NRC, July 1, 2009

NAC International (NAC) herewith submits its response to Reference 4 as discussed in the
NRC/NAC conference call on July 14, 2009. In accordance with that conversation among

- Kim Hardin and Zhian Li of the NRC and Holger Pfeifer and Tony Patko of NAC, NAC has
prepared our responses to the three RAI questions relative to Reference 3, along with the
corresponding LWT Safety Analysis Report (SAR) changed pages.

Consistent with NAC administrative practice, this proposed SAR revision is numbered to
uniquely identify the applicable changed pages. Revision bars mark the SAR text changes on the
Revision LWT-09C pages, and the included List of Effective Pages identifies the current revision
level of all pages in the Reference 2 SAR.

In order to better facilitate the review process, NAC is providing the Revision LWT-09C
changed pages as complete sections of the SAR. Consequently, a considerable number of
Revision LWT-09C pages with no revision bars are included. In accordance with NAC’s
administrative practices, upon final acceptance of this application, the LWT-09C changed pages
will be reformatted and incorporated into the next revision of the NAC-LWT SAR.
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This submittal consists of eight copies of this transmittal letter, eight copies of the Reference 4
RAI questions with the NAC responses presented in standard NAC RAI response format, and
eight copies of the SAR Revision LWT-09C changed pages.

Approval of the amendment to Reference 1 is requested by November 30, 2009, to support
shipping schedules planned for December 2009/January 2010.

If you have any comments or questions, please contact me on my direct line at 678-328-1274.
Sincerely,

b 2

Anthony L. Patko
Director, Licensing
Engineering

Enclosures: NAC Response to US NRC RAI dated July 1, 2009
NAC-LWT SAR Changed Pages (Revision LWT-09C)
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NAC-LWT
Docket No. 71-9225
TAC No. L24329

NAC INTERNATIONAL RESPONSE
TO
REQUEST FOR ADDITIONAL INFORMATION

CHAPTER 5 - SHIELDING EVALUATION

5-1 Provide a shielding analysis for the package with 21 fuel rods plus one oversize nonfuel-
bearing guide tube or water rod.

This request for amendment seeks approval for transportation of up to 21 fuel rods plus
one oversize nonfuel-bearing CE guide tube or water rod with the NAC-LWT packaging
system. However, Chapter 5 of the revised SAR provides no shielding analysis for this
content. Please provide a shielding analysis for this content or revise the SAR to clearly
indicate which previously approved content bounds this content.

This information is needed pursuant to the requirements of 10 CFR 71.47 and 71.51.

NAC International Response

Certificate of Compliance (CoC) condition 5.(b)(2)(ix) for high burnup PWR rods allows for
transport of “up to 25 fuel rods.” The third paragraph of the same condition specifies that
irradiated guide tube segments are allowed contents. It states “Irradiated guide tubes and guide
tube segments may be placed in the fuel rod insert.” This content was included in Revision 38 of
the NAC-LWT CoC in 2004. Justification for this request was based on the licensed payload,
including an irradiated fuel assembly skeleton with the high burnup rods (see CoC condition
5.(b)(2)(ix) second paragraph and the analysis in Section 5.3.11 of the LWT SAR).

The scope of the current amendment request is to modify the insert to allow oversize guide tubes
and to extend the allowed payload to BWR fuel nonfuel rods, including oversize components.
As no LWT SAR Chapter 5 text changes were made in association with the 2004 CoC change
that clarified the acceptability of these nonfuel components, NAC hereby revises Section 5.3.8 of
the LWT SAR to add the following paragraph:

“Nonfuel-bearing irradiated guide tubes and water rods may be included in the rod holder. These
components are part of an assembly lattice (skeleton), and are evaluated and demonstrated to
meet requirements for transport, in conjunction with the high burnup fuel rods, in Section
53.11.”
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NAC-LWT
Docket No. 71-9225
TAC No. 1L.24329

NAC INTERNATIONAL RESPONSE
TO
REQUEST FOR ADDITIONAL INFORMATION

CHAPTER 6 — CRITICALITY EVALUATION

6-1 Provide a criticality safety analysis for or add a statement in the SAR to clearly state what
the up to 21 fuel rods plus one oversize nonfuel-bearing CE guide tube or water rod with
the NAC-LWT packaging system is bounded by and indicate which one is the previously
approved contents.

The request for amendment seeks approval for transportation of up to 21 fuel rods plus
one oversize nonfuel-bearing CE guide tube or water rod with the NAC-LWT packaging
system. However, Chapter 6 of the revised SAR provides no criticality analysis for this
content. The applicant is requested to provide a criticality safety analysis for or add a
statement in the SAR to clearly state what the up to 21 fuel rods plus one oversize
nonfuel-bearing CE guide tube or water rod with the NAC-LWT packaging system is
bounded by and indicate which one is the previously approved contents.

This information is needed pursuant to the requirements of 10 CFR 71.47 and 71.51.

NAC International Response

CoC condition 5.(b)(2)(ix) for high burnup PWR rods allows for transport of “up to 25 fuel
rods.” The third paragraph of the same condition states that irradiated guide tube segments are
allowed contents. It states “Irradiated guide tubes and guide tube segments may be placed in the
fuel rod insert.” This content was included in Revision 38 of the NAC-LWT CoC in 2004.
Justification for this request was that the criticality evaluation of PWR/BWR fuel rods was
performed without consideration of the lattice/rod holder at a maximum reactivity, optimum rod
pitch (see LWT SAR Section 6.3.4 for the model description, and Section 6.4.4 for results).
Insertion of nonfuel components reduces the fissile material content and limits moderator space

and, therefore, is bounded by analysis.

The scope of the current amendment request was designed to modify the insert to allow oversize
guide tubes and to extend the allowed payload to BWR fuel nonfuel rods, including oversize
components. As no LWT SAR Chépter 6 text changes were made in association with the 2004
CoC change that clarified the acceptability of these nonfuel components, NAC hereby revises
Section 6.3.4 of the NAC-LWT SAR by adding the following paragraph:
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NAC-LWT
Docket No. 71-9225
TAC No. 1L.24329

NAC International Response to RAI 6-1 (cont’d)

“Nonfuel-bearing irradiated guide tubes and water rods may be included in the rod holder. These
components displace moderator space between fuel rods and reduce the maximum amount of
fissile material in the cask. The model developed in this section, therefore, bounds the inclusion
of nonfuel-bearing materials such as guide tubes and water rods in the NAC-LWT rod
holder/insert.”
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NAC-LWT
Docket No. 71-9225
TAC No. 1.24329

NAC INTERNATIONAL RESPONSE
TO
REQUEST FOR ADDITIONAL INFORMATION

CHAPTER 7 - OPERATING PROCEDURES

7-1

Provide procedures for loading and unloading the package with 21 fuel rods plus one
oversize nonfuel-bearing guide tube or water rod package.

Chapter 7 of the SAR provides operating procedures for all contents. The procedure,
however, does not include loading and unloading procedures for 21 fuel rods plus one
oversize nonfuel-bearing CE guide tube or water rod package. Since this is a new content
and new configuration, procedures for loading and unloading the new content are needed.

This information is needed pursuant to the requirements of 10 CFR 71.47 and 71.51.

NAC International Response

NAC has incorporated additional operating instructions for the handling, loading and unloading
of up to 21 PWR and BWR fuel rods and nonfuel-bearing components (e.g., PWR guide tubes or
BWR water rods) in the modified 5x5 rod insert placed within the PWR/BWR Rod Transport
Canister. The additional operational instructions are included in the following sections of
Chapter 7 of the LWT SAR:

Section 7.1.1 — Procedure for Wet Loading of LWR Fuel Assemblies and Canistered
LWR Fuel Rods

Section 7.1.8 — Procedure for Wet Loading of PWR/BWR Fuel Rods or TPBARSs into the
PWR/BWR Transport Canister

Section 7.2.1 — Procedures for Wet Unloading of LWR Fuel and PWR, PWR MOX and
BWR Fuel Rods in Transport Canisters

Section 7.2.6 — Procedure for Dry Unloading of PWR/BWR/MOX Fuel Rod Contents

The revised procedures ensure that appropriate controls are exercised in the loading and

unloading of the fuel rods and nonfuel-bearing components.
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5.3.8 High Burnup PWR and BWR Rods Shielding Evaluation

Results of a shielding and decay heat source analysis for up to 25 high burnup PWR or BWR fuel
rods are presented in this section. The rods have burnups up to 80,000 MWd/MTU. The results
are presented in terms of the cool time required for 25 rods to meet package surface and 2 meter
dose rate limits and a cask total decay heat limit of 2.1 kW for BWR rods and 2.3 kW for PWR

rods. '

Consistent with the analysis performed for the lower burnup PWR rods, the shielding analysis is
performed using the one-dimensional SCALE SAS1 shielding analysis sequence. Source terms
are generated based on a limiting description of PWR and BWR fuel rods using the SCALE
SAS2H code.

The PWR analysis is based on a single limiting description of a PWR fuel rod which bounds rods
from all PWR assembly array sizes. Two BWR rod models are employed. The first is based on
a limiting description of rods from 7x7 array size assemblies. The results for this case indicate
that the highest burnup BWR 77 rods require greater than 150 days cool time before shipment.
Hence, a second BWR fuel rod model is developed which bounds rods from 8x8 and larger array
size fuel assemblies. The results for this model indicate that up to 25 rods from these assemblies
can be shipped at the maximum burnup of 80,000 MWd/MTU after 150 days cool time.

Nonfuel-bearing irradiated guide tubes and water rods may be included in the rod holder. These
components are part of an assembly lattice (skeleton), and are evaluated and demonstrated to
meet requirements for transport, in conjunction with the high burnup fuel rods, in Section 5.3.11.

5.3.8.1 High Burnup PWR and BWR Rods Source Terms

The limiting rod descriptions are determined by developing a hybrid fuel rod model, which
contains a conservatively bounding uranium loading. For a given burnup, the bounding uranium
mass leads to bounding decay heat and radiation source terms. Fuel rod model parameters are
shown in Table 5.3.8-1. In the BWR model, fuel rods from 77 array size assemblies are treated
as a special case, since their significantly higher mass loadings lead to required extended cool
times, which would unnecessarily penalize BWR rods from larger array size assemblies, which
have a significantly lower mass per rod and correspondingly lower radiation and decay heat
source terms. The BWR 7x7 fuel rod model bounds all rods from 7x7 array size BWR
assemblies, and the BWR 8x8 fuel rod model bounds rods from all 8x8 and larger (i.e., 9x9,
10x10) BWR assemblies.

NAC International 5.3.8-1
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SAS2H models of the three fuel rod models are developed based on the cycle parameters shown
in Table 5.3.8-2. The rod exposure is conservatively assumed to occur over a typical number of
reactor operating cycles: three for the PWR rods and four for the BWR rods. In addition, in order
to achieve the high fuel burnups, assembly powers are conservatively increased rather than
extending cycle lengths. A down time of 60 days between cycles is assumed. Fuel rods are
evaluated at an initial enrichment of 4.0 wt % >>U. This enrichment is expected to be a lower
bound for fuel burned as high as 80,000 MWd/MTU. The SAS2H models for each rod type are
shown in Figure 5.3.8-1 through Figure 5.3.8-3. The SCALE 27N18G library is employed here;
the energy group structure of this library is shown in Table 5.3.8-3 and Table 5.3.8-4 along with

the ANSI flux-to-dose-rate conversion factors employed in the shielding analysis.

The resulting decay heat source terms for 25 rods of each fuel type are shown in Table 5.3.8-5.
The BWR 7x7 rods are analyzed at 60, 70, and 80 GWd/MTU burnup. Neutron and gamrha
radiation source spectra for the various fuel types are shown in Table 5.3.8-6 through Table
5.3.8-15 at various cool times. Note that the neutron source spectrum is non-zero only in the
highest seven energy groups; hence, the rerﬁaining energy groups are omitted from the tables.

5.3.8.1.1 Axial Source Profile ,
The description of the PWR and BWR rods axial source profile is based on bounding axial

burnup profiles observed for fuel at much lower burnups. This description is conservative
because the higher burned fuel of interest here will have a substantially lower axial peaking
factor. The PWR and BWR axial burnup and source profiles are shown in Figure 5.3.8-4 and
Figure 5.3.8-5, respectively. Values are tabulated in Table 5.3.8-17 and Table 5.3.8-18.

The computed relation between source rate S and burnup B:
S=aB’

implies that, in general, the average source rate is not equal to the source rate at the average
bumnup. The exponent b is determined based on SAS2H analyses of various fuel assemblies at
different burmups. A value of 4.22 is used for neutron source rate variation in both PWR and
BWR fuel types. The exponent for photon source rates has been determined to be 1.0.

Two scaling quantities are of interest. First, since SAS2H analyses are conducted at the average
assembly burnup, a scale factor is required to relate the assembly average source rate to the
source rate at the average burnup: -

% IBbdz

S
S(B) aB®

r=
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where H is the height of the fuel region. With the burnup profile normalized to one, this
becomes

r= —I}I- J.Bbdz

The integral is evaluated numerically using the trapezoid rule, and the resulting scale factors are -
shown in Table 5.3.8-16. The second scaling parameter is the ratio of the peak to average source

rate,

S(B rar )

S

This parameter is also shown in Table 5.3.8-16.

5.3.8.2 High Burnup PWR and BWR Rods Shielding Model

A homogenized description of the LWT cask payload and basket structural materials is
developed for use in the one-dimensional shielding model. The fuel region is a homogenized
smear of the fuel rods and the stainless steel insert tubes (1.7463 ¢m OD with 0.0711 cm wall

thickness). Resulting homogenized material compositions are provided in Table 5.3.8-19. .

Outside the homogenized fuel region, the remaining basket materials are represented as
concentric rings of stainless steel, aluminum or void regions. The radii of the rings are chosen to

conserve the cross sectional area of the material present in each region.

Table 5.3.8-21 shows the key basket model parameters requiréd to develop the concentric radial
model. Material compositions for the basket and cask materials are shown in Table 5.3.8-20.
The resulting one-dimensional model of the LWT cask including basket and payload is shown in
Table 5.3.8-22. ' ‘ ’

SAS1 shielding models are developed for each fuel type based on the one-dimensional model
shown in Table 5.3.8-22. Neutron and gamma dose rates are evaluated for each fuel type and for
each decay time shown in Table 5.3.8-6 through Table 5.3.8-15. Dose rates are evaluated using a
dose response methodology.

5.3.8.2.1 Dose Response Methodology

In order to avoid the significant effort required to prepare and execute dozens of one-dimensional
* cases for all fuel configurations and burnups under consideration, a unique device is employed
which permits the ready calculation of dose rates at a given location by use of a dose rate
response function. The dose rate response function for a given source type at a given detector
location is a collection of values, one for each energy group, each of which gives the contribution
to the dose rate at a specific detector location from a unit source strength in that energy group.
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With this response function, the dose rate, d, at the corresponding detector location is determined

for any given fuel type simply by vector multiplying the unnormalized source spectrum, £, by the

response function, r.

The dose rate response function is computed by solving a series of one-dimensional cases, one
for each energy group, with a unit source strength in each energy group. In practice, the source
strength is normalized to some large value (here, 10"%cm?/sec) in order to avoid numeric

underflow in the calculation. -

The resulting cask surface and 2m response functions for the various fuel types analyzed here are
shown in Table 5.3.8-23 through Table 5.3.8-26.

The results of multiplying the computed dose response functions by the various spectra shown in
the tables are dose rates associated with the source at the average assembly burnup. These
computed dose rates are then scaled by the ratio of the average source to the source at the average
burnup, as tabulated in Table 5.3.8-16. At 2m from the cask, this result is an accurate estimate of
the dose rate since the axial source peaking factor does not have a significant effect on dose rates
at this distance from the cask. On the surface, however, the computed dose rates are further
scaled by the peak-to-average source ratio in order to more accurately capture the peak axial

surface dose rate.

5.3.8.3 High Burnup PWR and BWR Rods Shielding Evaluation

Table 5.3.8-27 and Table 5.3.8-28 summarize the computed dose rates as a function of cool time
for each fuel type at the surface and 2m from the edge of the cask conveyance. Each table also

includes the cask total decay heat.

The surface dose rate results are well below the regulatory limit of 200 mrem/hr for all fuel types
at burnups up to 80,000 MWd/MTU and for cool times greater than 150 days. Hence, the normal
condition surface dose rates do not impose any restrictions on the suitability of fuel for shipment.

The 2m dose rate results are limited to 10.0 mrem/hr. Hence, the results in Table 5.3.8-28
indicate that all fuels except the BWR 7x7 at 80,000 MWd/MTU lead to 2m dose rates below 9.0
mrem/hr at 150 days cool time. The BWR 7x7 fuel requires 180 days cool time to fall below 9.0

mrem/hr.

Finaliy, the cask decay heat limit of 2.1 k€W/cask (BWR) and 2.3 kW/cask (PWR) further
constrains the minimum cool time requirements. Based on the tabulated results, all fuel except
the BWR 7x7 can be shipped at 150 days cool time. The BWR 7x7 at 60,000 MWd/MTU
requires 210 days cool time, at 70,000 requires 240 days cool time, and at 80,000 MWd/MTU
requires 270 days cool time based on decay heat source alone.

NAC International ‘ _ 5.3.8-4
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Combining the constraints for surface and 2m dose rate and cask total decay heat, the loading
table shown in Table 5.3.8-29 is obtained.

Accident dose rates were not explicitly calculated for the 80 GWd/MTU PWR and BWR fuel
rods. The accident dose rate for the 60 GWd/MTU PWR rods was reported in Section 5.3.5 as
69.44 mrem/hr at 1 meter from the cask. Conservatively applying a fuel mass ratio of the
maximum 80 GWd/MTU payload to the 60 GWd/MTU payload (108.8/65.6), and the neutron
dose rate scaling factor ([80/60]*%?) results in a maximum dose rate less than 400 mrem/hr. This

conservative estimate is significantly lower than the 1000 mrem/hr limit.

NAC International 5.3.8-5
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Figure 5.3.8-1 PWR Rod SAS2H Model

=SAS2H PARM= (HALTO06 ; SKIPSHIPDATA)
PWR 4.0 W/0 U235, 80000 MWD/MTU UP TO 1 YEAR COOLING
27GROUPNDF4 LATTICECELL

U02 1 0.95 811 92235 4.0 92238 96.0 END
ZIRCALLOY 2 1.0 620 END

H20 3 DEN=0.725 1.0 570 END

ARBM-BORMOD 0.725'1 1 0 0 5000.100 3 550.0E-6 570 END
END COMP

SQUAREPITCH 1.473 0.9665 1 3 1.118 2 0.986 0 END
NPIN/ASSM=176 FUELENGTH=389.9 NCYCLE=3 NLIB/CYC 2 PRINTLEVEL=6
INPLEVEL=2 NUMZONES=4 END

3 1.3589 2 1.4605 3 1.6623 500 5.2039

POWER=19.36 BURN=636.4 DOWN=60.0 END

POWER=19.36 BURN=636.4 DOWN=60.0 END

POWER=19.36 BURN=636.4 DOWN=0.0 END

END

Figure 5.3.8-2 - BWR 7x7 SAS2H Model Shown at 80,000 MWd/MTU

=SAS2H PARM= (HALTO08, SKIPSHIPDATA)

BWR/4-6 7x7 4.0 wW/0O U235 80,000 MWD/MTU, 40% VOID, UP TO 1 YEAR
COOLING

27GROUPNDF4 LATTICECELL .

Uo2 : 1 0.95 B40 92235 4.0 92238 96.0 END

ZIRCALLOY 2 1.0 620. END
H20 3 DEN=0.446 1.0 562. END
H20 4 DEN=0.743 1.0 553. END
ZIRCALLOY 5 1.0 553 END
H20 6 DEN=0.446 1.0 562. END
END COMP
SQUAREPITCH 1.8745 1.2446 1 3 1.448 2 1.265 0 END
NPIN/ASSM=49 FUELENGTH=389.9 NCYCLES=4 NLIB/CYC=2 PRINTLEVEL=6
INPLEVEL=2 NUMZONES=5 END
1 0.001 500 7.403 6 7.564'5 7.793 4 8.598
POWER=5.85 BURN=730.0 DOWN=60 END
POWER=5.85 BURN=730.0 DOWN=60 END
POWER=5.85 BURN=730.0 DOWN=60 END
POWER=5.85 BURN=730.0 DOWN=0.0 END
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Figure 5.3.8-3 BWR 8x8 Rod SAS2H Model

COOLING

ZIRCALLOY 2 1.0 620.
H20 3 DEN=0.446 1.0
H20 4 DEN=0.743 1.0
ZIRCALLOY 5 1.0 553
H20 6 DEN=0.446 1.0
END COMP

SQUAREPITCH 1.626 1.

4 0.540 5 0.620 6 0.
POWER=5.56 BURN=730.
POWER=5.56 BURN=730.
POWER=5.56 BURN=730.
POWER=5.56 BURN=730.
END '

=SAS2H PARM= (HALTO08, SKIPSHIPDATA) ‘
BWR/4-6 8x8 4.0 W/0O U235 80,000 MWD/MTU, 40% VOID,

'LEVEL 2 INPUT FROM 790-4002
27GROUPNDF4 LATTICECELL
Uo2 1 0.95 840 92235 4.0 92238 96.0 END

END

562. END

553. END

END

562. END

0701 1 3 1.260 2 1.086 0 END

UP TO 1 YEAR

NPIN/ASSM=63 FUELENGTH=389.9 NCYCLES=4 NLIB/CYC=2 PRINTLEVEL=6
INPLEVEL=2 NUMZONES=7 END

917 500 7.337 6 7.564 5 7.793 4 8.598
0 DOWN=60 END
0 DOWN=60 END
0 DOWN=60 END
0 DOWN=0.0 END

Figure 5.3.8-4 PWR Rods Axial Burnup and Source Profiles
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Figure 5.3.8-5 BWR Rods Axial Burnup and Source Profiles
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Table 5.3.8-1 High Burnup Fuel Rod Model Parameters _

BWR 8x8

Parameter Unit PWR BWR 7x7

Version Hybrid Hybrid Hybrid
% Theoretical Density (%] 95% 95% 95%
Clad Zirc-4 Zirc-4 Zirc-2
Max Assy Loading IMTU] 0.4620 0.2133 0.2028

Fuel Rods 176 49 63
Pitch [em] 1.4730 1.8750 -1.6260
Rod Diam [cm] 1.1180 1.4480 1.2600
Clad Inner Diam [cm] 0.9860 1.2650 1.0860
Pellet Diam [cm] 0.9665 1.2446 1.0701
Active Length [cm] 389.9 389.9 389.9
Mass Density [kg/cm] 1.185 0.547 0.520
[g/cm/rod] 6.733 11.165 8.256

Table 5.3.8-2 High Burnup Fuel Assembly Model Parameters

Assy Cycle
Burnup Number | Power Length
Fuel Type | [MWd/MTU] Cycles [MW] [d]

PWR 80,000 3 19.36 636.4

BWR 7x7 60,000 4 5.85 547.0

BWR 7x7 70,000 4 5.85 638.1

BWR 7x7 80,000 4 5.85 730.0

BWR 8x8 80,000 4 5.56 730.0
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Table 5.3.8-3 SCALE 27N18G Neutron Group Structure and ANSI Dose Factors

Lower E | UpperE Avg E Dose Factor
Group [MeV] [MeV] [MeV] [(rem/hr)/(n/cm?/s]

1 6.43E+00 | 2.00E+01 | 1.32E+01 1.49E-04

2 3.00E+00 | 6.43E+00 | 4.72E+00 1.45E-04
3 1.85E+00 | 3.00E+00 | 2.43E+00 1.27E-04
4 1.40E+00 | 1.85E+00 | 1.63E+00 1.28E-04
5 9.00E-01 | 1.40E+00 | 1.15E+00 1.30E-04
6 4,00E-01 | 9.00E-01 | 6.50E-01 1.03E-04
7 1.00E-01 | 4.00E-01 | 2.50E-01 5.12E-05
8 1.70E-02 | 1.00E-01 | 5.85E-02 1.23E-05
9 3.00E-03 | 1.70E-02 | 1.00E-02 | 3.84E-06
10 5.50E-04 | 3.00E-03 | 1.78E-03 3.72E-06

1 1.00E-04 | 5.50E-04 | 3.25E-04 4.02E-06
12 3.00E-05 | 1.00E-04 | 6.50E-05 4.29E-06
13 1.00E-05 | 3.00E-05 | 2.00E-05 4.47E-06

14 3.05E-06 | 1.00E-05 | 6.52E-06 4,57E-06
15 1.77E-06 | 3.05E-06 | 2.41E-06 4.56E-06
16 1.30E-06 | 1.77E-06 | 1.53E-06 4.52E-06
17 1.13E-06 | 1.30E-06 | 1.21E-06 4.49E-06
18 1.00E-06 | 1.13E-06 | 1.06E-06 4.47E-06
19 8.00E-07 | 1.00E-06 | 9.00E-07 4.43E-06
20 4.00E-07 | 8.00E-07 | 6.00E-07 . 4.33E-06
21 . 3.25E-07 | 4.00E-07 | 3.63E-07 4.20E-06
22 2.25E-07 | 3.25E-07 | 2.75E-07 4.10E-06
23 1.00E-07 | 2.25E-07 | 1.62E-07 3.84E-06
24 5.00E-08 | 1.00E-07 | 7.50E-08 3.67E-06
25 3.00E-08 | 5.00E-08 | 4.00E-08 3.67E-06
26 1.00E-08 | 3.00E-08 | 2.00E-08 3.67E-06
27 1.00E-11 | 1.00E-08 | 5.01E-09 3.67E-06
NAC International 5.3.8-10
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Table 5.3.8-4. SCALE 27N18G Gamma Group Structure and ANSI Dose Factors

LowerE | UpperE | AvgE Dose Factor
Group [MeV] [MeV] [MeV] [(rem/hr)/(ylcm?/s]
1 8.00E+00 | 1.00E+01 | 9.00E+00 8.77E-06
2 6.50E+00 | 8.00E+00 | 7.25E+00 7.48E-06
3 5.00E+00 | 6.50E+00 | 5.75E+00 6.37E-06
4 | 4.00E+00 | 5.00E+00 | 4.50E+00 5.41E-06
5 3.00E+00 | 4.00E+00 | 3.50E+00 4.62E-06
6 2.50E+00 | 3.00E+00 | 2.75E+00 3.96E-06
7 2.00E+00 | 2.50E+00 | 2.25E+00 3.47E-06
8 1.66E+00 | 2.00E+00 | 1.83E+00 3.02E-06
9 1.33E+00 | 1.66E+00 | 1.50E+00 2.63E-06
10 1.00E+00 | 1.33E+00 | 1.17E+00 2.21E-06
11 8.00E-01 | 1.00E+00 | 9.00E-O1 1.83E-06
12 6.00E-01 | 8.00E-01 | 7.00E-O1 1.52E-06
13 4.00E-01 | 6.00E-01 | 5.00E-01 1.17E-06
14 3.00E-01 | 4.00E-01 | 3.50E-01 8.76E-07
15 2.00E-01 | 3.00E-01 | 2.50E-01 6.31E-07
16 1.00E-01 | 2.00E-01 | 1.50E-01 3.83E-07
17 5.00E-02 | 1.00E-01 | 7.50E-02 2.67E-07
18 1.00E-02 | 5.00E-02 | 3.00E-02 9.35E-07

Table 5.3.8-5 - LWT Cask Total Decay Heat [kW] for 25 Rods at Various Cool Times

Bufnup . Decay Time [d]
Fuel Type | [MWd/MTU] | 150 | 180 | 210 | 240 | 270 | 300 | 365
PWR 80,000 225 1205 | 1.87 | 1.73 | 1.62 | 1.52 | 1.35
BWR 7x7 60,000 240 | 217 | 198 | 1.83 | 1.70 | 1.59 | 1.39
BWR 7x7 70,000 261 | 238 [ 218 | 202 | 1.89 | 1.78 | 1.58
BWR 7x7 80,000 280 | 257 | 237 | 221 | 207 | 1.96 | 1.75
BWR 8x8 80,000 206 | 1.89 | 1.75 | 1.63 | 1.53 | 1.44 | 1.29
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Table 5.3.8-6 PWR 80,000 MWd/MTU Fuel Model Neutron Source Term [n/sec/assy}

Decay Time [d]

Group

150

180

210

240

270

300

365

8.1050E+07

8.0010E+07

7.9030E+07

7.8110E+07

7.7240E+07

7.6400E+07

7.4730E+07

9.2480E+08

9.1140E+08

8.9880E+08

8.8710E+08

8.7610E+08

8.6570E+08

8.4510E+08

1.0070E+09

9.9240E+08

9.7890E+08

9.6620E+08 -

9.5430E+08

9.4310E+08

9.2080E+08

5.6830E+08

5.6090E+08

5.5400E+08

5.4740E+08

5.4130E+08

5.3540E+08

5.2360E+08

7.7310E+08

7.6320E+08

7.5400E+08

7.4520E+08

7.3690E+08

7.2900E+08

7.1320E+08

oo~ |lwW]|ND

8.4670E+08

8.3590E+08

8.2570E+08

8.1610E+08

8.0700E+08

7.9830E+08

7.8090E+08

1.6590E+08

1.6370E+08

1.6170E+08

1.5980E+08

1.5800E+08

1.5630E+08

1.5290E+08

Total

4.3670E+09

4.3080E+09

4,2520E+09

4.2000E+09

4.1510E409

4.1040E+09

4.0110E+09

Table 5.3.8-7 PWR 80,000 MWd/MTU Fuel Model Gamma Source Term [y/sec/assy]

Decay Time [d]
Group 150 180 210 240 270 300 365
1 2.3232E+06 | 2.2933E+06 | 2.2655E+06 | 2.2394E+06 | 2.2149E+06 | 2.1918E+06 | 2.1458E+06
2 | 1.0942E+07 | 1.0801E+07 | 1.0670E+07 | 1.0547E+07 | 1.0432E+07 | 1.0323E+07 | 1.0106E+07
3 | 5.5776E+07 | 5.5059E+07 | 5.4390E+07 | 5.3764E+07. | 5.3175E+07 | 5.2619E+07 | 5.1514E+07
4 | 1.3897E+08 | 1.3719E+08 | 1.3552E+08 | 1.3396E+08 | 1.3249E+08 | 1.3110E+08 | 1.2835E+08
5 | 42790E+11 | 4.0245E+11 | 3.8014E+11 | 3.5939E+11 | 3.3983E+11 | 3.2136E+11 | 2.8470E+11
6 | 3.8055E+12 | 3.3306E+12 | 3.0956E+12 | 2.9155E+12 | 2.7535E+12 | 2.6020E+12 | 2.3025E+12
7 | 15053E+14 | 1.3842E+14 | 1.2854E+14 | 1.1969E+14 | 1.1155E+14 | 1.0400E+14 | 8.9386E+13
8 | 5.0113E+13 | 4.5330E+13 | 4.1850E+13 | 3.8948E+13 | 3.6392E+13 | 3.4088E+13 | 2.9742E+13
9 | 49111E+14 | 4.5048E+14 | 4.3646E+14 | 4.1614E+14 | 3.9727E+14 | 3.7955E+14 .| 3.4454E+14
10 | 1.0333E+15 | 9.8515E+14 | 9.4552E+14 | 9.1017E+14 | 8.7765E+14 | 8.4736E+14 | 7.8780E+14
11 | 4.2618E+15 | 4.1142E+15 | 3.9785E+15 | 3.8505E+15 | 3.7284E+15 | 3.6117E+15 | 3.3748E+15
12 3.1096E+16 | 2.6322E+16 | 2.2653E+16 | 1.9844E+16 | 1.7692E+16 | 1.6036E+16 | 1.3594E+16
13 | 1.4249E+16 | 1.2805E+16 | 1.1793E+16 | 1.1042E+16 | 1.0449E+16 | 9.9572E+15 | 9.0869E+15
14 | 1.4614E+15 | 1.3614E+15 | 1.2732E+15 | 1.1934E+15 | 1.1206E+15 | 1.0535E+15 | 9.2448E+14
15 1.9165E+15 | 1.7798E+15 | 1.6605E+15 | 1.5544E+15 | 1.4588E+15 | 1.3717E+15 | 1.2061E+15
16 | 7.6172E+15 | 6.8766E+15 | 6.3117E+15 | 5.8531E+15 | 5.4626E+15 | 5.1189E+15 | 4.4821E+15
17 | 7.6978E+15 | 7.1504E+15 | 6.6731E+15 | 6.2484E+15 | 5.8655E+15 | 5.5167E+15 | 4.8539E+15
18 | 2.3353E+16 | 2.1519E+16 | 1.9991E+16 | 1.8675E+16 | 1.7514E+16 | 1.6472E+16 | 1.4518E+16
Total | 9.3381E+16 | 8.3560E+16 | 7.5891E+16 | 6.9749E+16 | 6.4717E+16 | 6.0505E+16 | 5.3295E+16
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Table 5.3.8-8 BWR 7x7 60,000 MWd/MTU Fuel Model Neutron Source Term
' [n/sec/assy]

Decay Time [d]

" Group

150

180

210

240

270

300

365

1.0720E+07

1.0520E+07

1.0340E+07

1.0180E+07

1.0040E+07

9.9050E+06

9.6580E+06

1.2660E+08

1.2370E+08

1.2110E+08

1.1880E+08

1.1670E+08

1.1470E+08

1.1120E+08

1.3820E+08

1.3500E+08

1.3220E+08

1.2970E+08

1.2750E+08

1.2540E+08

1.2160E+08

7.5740E+07

7.4310E+07

7.3020E+07

7.1860E+07

7.0800E+07

6.9850E+07

6.8050E+07.

1.0230E+08

1.0050E+08

9.8780E+07

9.7260E+07

9.5880E+07

9.4630E+07

9.2290E+07

DO ||

1.1190E+08

1.0990E+08

1.0800E+08

1.0640E+08

1.0480E+08

1.0350E+08

1.0090E+08

2.1940E+07

2.1530E+07

2.1170E+07

2.0840E+07

2.0550E+07

2.0280E+07

1.9770E+07

Total

5.8740E+08

5.7550E+08

5.6470E+08

5.5500E+08

5.4630E+08

5.3830E+08

5.2350E+08

Table 5.3.8-9 BWR 7x7 60,000 MWd/MTU Fuel Model Gamma Source Term [Y/sec/assy]

Decay Time [d]
Group 150 180 210 240 270 300 365
1 3.2931E+05 | 3.2274E+05 | 3.1683E+05 | 3.1151E+05 | 3.0671E+05 | 3.0237E+05 | 2.9427E+05
2 1.5512E+06 | 1.5202E+06 | 1.4924E+06 | 1.4673E+06 | 1.4447E+06 | 1.4242E+06 | 1.3860E+06
3 7.9088E+06 | 7.7507E+06 | 7.6086E+06 | 7.4806E+06 | 7.3651E+06 | 7.2606E+06 | 7.0658E+06
4 1.9710E+07 | 1.9315E+07 | 1.8961E+07 | 1.8642E+07 | 1.8353E+07 | 1 .8092E+07 | 1.7606E+07
5 1.1468E+11 | 1.0776E+11 | 1.0177E+11 | 9.6205E+10 | 9.0967E+10 | 8.6019E+10 | 7.6202E+10
6 1.0391E+12 | 8.9960E+11 | 8.3400E+11 | 7.8498E+11 | 7.4121E+11 | 7.0037E+11 | 6.1963E+11
7 45886E+13 | 4.2337E+13 | 3.9344E+13 | 3.6637E+13 | 3.4138E+13 | 3.1817E+13 | 2.7325E+13
8 | 1.3614E+13 | 1.2407E+13 | 1.1497E+13 | 1.0722E+13 | 1.0033E+13 | 9.4069E+12 | 8.2168E+12
9 1.3126E+14 | 1.2257E+14. | 1.1646E+14 | 1.1113E+14 | 1.0619E+14 | 1.0154E+14 | 9.2359E+13
10 3.0058E+14 | 2.8714E+14 | 2.7599E+14 | 2.6605E+14 | 2.5694E+14 | 2.4847E+14 .| 2.3186E+14
11 1.1408E+15 | 1.1018E+15 | 1.0661E+15 | 1.0324E+15 | 1.0003E+15 | 9.6961E+14 | 9.0725E+14
12 9.4684E+15 | 7.9625E+15 | 6.8088E+15 | 5.9289E+15 | 5.2583E+15 | 4.7452E+15 | 3.9979E+15
13 3.8994E+15 | 3.4870E+15 | 3.2005E+15 | 2.9896E+15 | 2.8249E+15 | 2.6892E+15 | 2.4513E+15
14 4.3090E+14 | 4.0087E+14 | 3.7459E+14 | 3.5098E+14 | 3.2950E+14 | 3.0980E+14 | 2.7208E+14
15 5.6880E+14 | 5.2746E+14 | 4.9163E+14 | 4.6001E+14 | 4.3166E+14 | 4.0596E+14 | 3.5735E+14
16 2.3056E+15 | 2.0775E+15 | 1.9047E+15 | 1.7652E+15 | 1.6471E+15 | 1.5436E+15 | 1.3528E+15
17 2.3068E+15 | 2.1396E+15 | 1.9949E+15 | 1.8672E+15 | 1.7526E+15 | 1.6488E+15 | 1.4525E+15
18 7.0478E+15 | 6.4851E+15 | 6.0194E+15 | 5.6207E+15 | 5.2710E+15 | 4.9585E+15 | 4.3763E+15
Total | 2.7661E+16 | 2.4647E+16 | 2.2305E+16 | 2.0441E+16 | 1.8923E+16 | 1.7662E+16 | 1.5527E+16
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Table 5.3.8-10 BWR 7x7 70,000 MWd/MTU Fuel Model Neutron Source Term
[n/sec/assy]

-Decay Time [d]

Group

150

180

210

240

270

300

365

2.0300E+07

2.0020E+07

1.9760E+07

1.9520E+07

1.9290E+07

1.9090E+07

1.8680E+07

2.3450E+08

2.3060E+08

2.2700E+08

2.2370E+08

2.2070E+08

2.1800E+08

2.1260E+08

2.5560E+08

2.5140E+08

2.4760E+08

2.4400E+08

2.4080E+08

2.3780E+08

2.3210E+08

1.4280E+08

1.4070E+08

1.3890E+08

1.3720E+08

1.3560E+08

1.3410E+08

1.3120E+08

1.9370E+08

1.9100E+08

1.8860E+08

1.8630E+08

1.8420E+08

1.8220E+08

1.7840E+08

[>T IO L T - I/ B AN )

2.1200E+08

2.0910E+08

2.0640E+08

2.0390E+08

2.0160E+08

1.9940E+08

1.9520E+08

4.1540E+07

4.0960E+07

4,0430E+07

3.9940E+07

3.9490E+07

3.9060E+07

3.8230E+07

Total

1.1000E+09

1.0840E+09

1.0690E+09

1.0550E+09

1.0420E+09

1.0300E+09

1.0060E+09

Table 5.3.8-11 BWR 7x7 70,000 MWd/MTU Fuel Model Gainma Source Term [Y/sec/assy]

Decay Time [d]
Group 150 180 210 240 270 300 365
1 6.0324E+05 | 5.9443E+05 | 5.8638E+05 | 5.7897E+05 | 5.7215E+05 | 5.6585E+05 | 5.5368E+05
2 2.8412E+06 | 2.7998E+06 | 2.7618E+06 | 2.7269E+06 | 2.6948E+06 | 2.6650E+06 | 2.6077E+06
3 1.4485E+07 | 1.4273E+07 | 1.4079E+07 | 1.3901E+07 | 1.3737E+07 | 1.3586E+07 | 1.3293E+07
4 3.6093E+07 | 3.5565E+07 | 3.5082E+07 | 3.4638E+07 | 3.4229E+07 | 3.3851E+07 | 3.3121E+07
5 1.2918E+11 | 1.2149E+11 | 1.1474E+11 | 1.0848E+11 | 1.0258E+11 | 9.7000E+10 | 8.5934E+10
6 1.1503E+12 | 1.0061E+12 | 9.3500E+11 | 8.8057E+11 | 8.3162E+11 | 7.8586E+11 | 6.9541E+11
7 4,5889E+13 | 4.2245E+13 | 3.9241E+13 | 3.6544E+13 | 3.4060E+13 | 3.1754E+13 | 2.7290E+13
8 1.5067E+13 | 1.3671E+13 | 1.2642E+13 | 1.1778E+13 | 1.1013E+13 | 1.0322E+13 | 9.0142E+12
9 1.5436E+14 | 1.4472E+14 | 1.3769E+14 | 1.3149E+14 | 1.2572E+14 | 1.2029E+14 | 1.0955E+14
10 3.4479E+14 | 3.2983E+14 | 3.1746E+14 | 3.0640E+14 | 2.9622E+14 | 2.8673E+14 | 2.6805E+14
1 1.3888E+15 | 1.3419E+15 | 1.2988E+15 | 1.2579E+15 | 1.2190E+15 | 1.1817E+15 | 1.1059E+15
12 1.0027E+16 | 8.5551E+15 | 7.4228E+15 | 6.5551E+15 | 5.8895E+15 | 5.3763E+15 | 4.6175E+15
13 4,5056E+15 | 4.0651E+15 | 3.7549E+15 | 3.5230E+15 | 3.3394E+15 | 3.1861E+15 | 2.9133E+15
14 4.5235E+14 | 4.2171E+14 | 3.9475E+14 | 3.7041E+14 | 3.4818E+14 | 3.2773E+14 | 2.8843E+14
15 * | 5.9741E+14 | 5.5540E+14 | 5.1883E+14 | 4.8637E+14 | 4.5715E+14 | 4.3055E+14 | 3.8002E+14
16 2.3773E+15 | 2.1503E+15 | 1.9773E+15 | 1.8369E+15 | 1.7174E+15 | 1.6122E+15 | 1.4174E+15
17 2.4086E+15 | 2.2405E+15 | 2.0940E+15 | 1.9640E+15 | 1.8467E+15 | 1.7400E+15 | 1.5374E+15
18 7.3510E+15 | 6.7875E+15 | 6.3182E+15 | 5.9142E+15 | 5.5579E+15 | 5.2383E+15 | 4.6398E+15
Total | 2.9670E+16 | 2.6649E+16 | 2.4287E+16 | 2.2395E+16 | 2.0843E+16 | 1.9542E+16 | 1.7314E+16
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Table 5.3.8-12 BWR 7x7 80,000 MWd/MTU Fuel Model Neutron Source Term
[n/sec/assy]

Decay Time [d]

Group

150

180

210

240

270

300

365

3.8790E+07

3.8290E+07

3.7810E+07

3.7350E+07

3.6920E+07

3.6500E+07

3.5660E+07

4.4140E+08

4.3500E+08

4,2900E+08

4,2330E+08

4.1790E+08

4.1280E+08

4.0260E+08

4.8040E+08

4.7340E+08

4.6690E+08

4.6080E+08

4 5500E+08

4.4950E+08

4.3850E+08

2.7180E+08

2.6820E+08

2.6480E+08

2.6160E+08

2.5850E+08

2.5560E+08

2.4970E+08

3.6990E+08

3.6510E+08

3.6060E+08

3.5630E+08

3.5220E+08

3.4820E+08

3.4020E+08

0'301-&(.0[\)

4.0520E+08

4.0000E+08

3.9500E+08

3.9020E+08

3.8570E+08

3.8140E+08

3.7260E+08

7.9380E+07

7.8340E+07

7.7360E+07

7.6430E+07

7.5540E+07

7.4690E+07

7.2970E+07

Total

Table 5.3.8-13 BWR 7x7 80,000 MWd/MTU Fuel Model Gamma Source Term [y/sec/assy]

2.0870E+09

2.0580E+09

2.0310E+09

2.0060E+09

1.9820E+09

1.9590E+09

1.9120E+09

Decay Time [d]

Group 150 . 180 210 240 270 300 365
1 1.0954E+06 | 1.0813E+06 | 1.0680E+06 | 1.0555E+06 | 1.0437E+06 | 1.0325E+06 | 1.0100E+06
2 5.1590E+06 | 5.0924E+06 | 5.0300E+06 | 4.9710E+06 | 4.9153E+06 | 4.8625E+06 | 4.7566E+06
3 2.6298E+07 | 2.5959E+07 | 2.5640E+07 | 2.5340E+07 | 2.5056E+07 | 2.4786E+07 | 2.4246E+07
4 6.5524E+07 | -6.4678E+07 | 6.3884E+07 | 6.3135E+07 | 6.2427E+07 | 6.1755E+07 | 6.0409E+07
5 14025E+11 | 1.3197E+11 | 1.2467E+11 | 1.1787E+11 | 1.1145E+11 | 1.0540E+11 | 9.3384E+10
6 1.2350E+12 | 1.0871E+12 | 1.0118E+12 | 9.5327E+11 | 9.0040E+11 | 8.5091E+11 | 7.5306E+11
7 4.5796E+13 | 4.2083E+13 | 3.9076E+13 | 3.6393E+13 | 3.3924E+13 | 3.1634E+13 | 2.7203E+13
8 1.6213E+13 | 1.4660E+13 | 1.3531E+13 | 1.2592E+13 | 1.1766E+13 | 1.1023E+13 | 9.6211E+12
9 1.7524E+14 | 1.6472E+14 | 1.5685E+14 | 1.4984E+14 | 1.4331E+14 | 1.3717E+14 | 1.2500E+14
10 3.8063E+14 | 3.6437E+14 | 3.5095E+14 | 3.3895E+14 | 3.2788E+14 | 3.1755E+14 | 2.9718E+14
11 1.6124E+15 | 1.5582E+15 | 1.5081E+15 | 1.4608E+15 | 1.4155E+15 | 1.3722E+15 } 1.2842E+15
12 1.0580E+16 | 9.1279E+15 | 8.0071E+15 | 7.1444E+15 | 6.4791E+15 | 5.9627E+15 | 5.1894E+15
13 5.0278E+15 | 4.5657E+15 | 4.2366E+15 | 3.9878E+15 | 3.7884E+15 | 3.6203E+15 | 3.3179E+15
14 4.6875E+14 | 4.3760E+14 | 4.1008E+14 | 3.8518E+14 | 3.6237E+14 | 3.4135E+14 | 3.0088E+14
15 6.1935E+14 | 5.7682E+14 | 5.3964E+14 | 5.0652E+14 | 4.7661E+14 | 4.4932E+14 | 3.9734E+14
16 2.4314E+15 | 2.2052E+15 | 2.0320E+15 | 1.8908E+15 | 1.7703E+15 | 1.6639E+15 | 1.4664E+15
17 2.4876E+15 | 2.3184E+15 | 2.1705E+15 | 2.0386E+15 | 1.9194E+15 | 1.8105E+15 | 1.6032E+15
18 | 7.5934E+15 | 7.0287E+15 | 6.5564E+15 | 6.1482E+15 | 5.7870E+15 | 5.4621E+15 | 4.8515E+15

Total | 3.1441E+16 | 2.8406E+16 | 2.6022E+16 | 2.4101E+16 | 2.2517E+16 | 2.1181E+16 | 1.8871E+16
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Table 5.3.8-14 BWR 8x8 80,000 MWd/MTU Fuel Model Neutron Source Term
[n/sec/assy]

Decay Time [d]

Group

150

180

210

240

270

300

365

3.5570E+07

3.5120E+07

3.4700E+07

3.4290E+07

3.3910E+07

3.3540E+07

3.2800E+07

4.0480E+08

3.9910E+08 .

3.9380E+08

3.8870E+08

3.8390E+08

3.7940E+08

3.7040E+08

4.4060E+08

4.3450E+08

4.2870E+08

4,2320E+08

4.1810E+08

4.1320E+08

4.0340E+08

2.4930E+08

2.4610E+08

2.4310E+08

2.4020E+08

2.3750E+08 -

2.3490E+08

2.2970E+08

3.3930E+08

3.3500E+08

3.3100E+08

3.2710E+08

3.2350E+08

3.2000E+08

3.1300E+08

| |W]N

3.7160E+08

3.6690E+08

3.6250E+08

3.5830E+08

3.5430E+08

3.5050E+08

3.4270E+08

7.2790E+07

7.1870E407

7.1000E+07

7.0170E+07

6.9380E+07

6.8630E+07

6.7120E+07

Total

Table 5.3.8-15 BWR 8x8 80,000 MWd/MTU Fuel Model Gamma Source Term [Y/sec/assy]

1.9140E+09

1.8890E+09

1.8650E+09

1.8420E+09

1.8210E+09

1.8000E+09

1.7590E+09

Decay Time [d] :

Group 150 180 210 240 270 300 365

1 1.0111E+06 [9.9843E+05 |9.8657E+05 |9.7541E+05 |9.6486E+05 [9.5486E+05 |9.3484E+05
2 4.7618E+06 [4.7023E+06 |4.6464E+06 |4.5938E+06 (4.5441E+06 [4.4971E+06 |4.4027E+06
3 2.4273E+07 |2.3970E+07 [2.3685E+07 (2.3417E+07 |2.3163E+07 {2.2923FE+07 |2.2442E+07
4 6.0480E+07 |5.9723E+07 |5.9013E+07 |5.8344E+07 [5.7712E+07 |5.7114E+07 |5.5915E+07
5 1.3406E+11 {1.2615E+11 |1.1916E+11 [1.1266E+11 [1.0654E+11 [1.0075E+11 [8.9259E+10
6 1.1796E+12 [1.0388E+12 [9.6696E+11 {9.1101E+11 |8.6048E+11 |8.1319E+11 |7.1969E+11
7 4.3512E+13 |3.9982E+13 |3.7126E+13 [3.4578E+13 |3.2233E+13 |3.0058E+13 |2.5849E+13
8 1.5435E+13 [1.3964E+13 |1.2896E+13 |1.2005E+13 |1.1222E+13 [1.0515E+13 [9.1811E+12
9 1.6587E+14 [1.5590E+14 |1.4845E+14 |1.4181E+14 |1.3563E+14 |1.2981E+14 |1.1830E+14
10 3.6038E+14 |3.4497E+14 {3.3223E+14 [3.2084E+14 |3.1033E+14 [3.0051E+14 |2.8115E+14
11 1.5243E+15 (1.4731E+15 {1.4258E+15 [1.3810E+15 (1.3382E+15 (1.2973E+15 (1.2140E+15
12 1.0033E+16 [8.6556E+15 |7.5925E+15 |6.7743E+15 |6.1433E+15 |5.6535E+15. [4.9201E+15
13 4.7720E+15 |4.3323E+15 [4.0194E+15 |3.7827E+15 {3.5932E+15 |3.4334E+15 |3.1462E+15
14 4.4637E+14 |4.1676E+14 [3.9060E+14 |3.6690E+14 [3.4520E+14 |3.2519E+14 |2.8665E+14
15 5.8943E+14 |{5.4903E+14 |5.1370E+14 |4.8221E+14 |4.5375E+14 [4.2778E+14 {3.7831E+14
16 2.3111E+15 |2.0962E+15 [1.9316E+15 [1.7974E+15 |1.6829E+15 |1.5817E+15 |1.3939E+15 ~
17 2.3651E+15 [2.2044E+15 (2.0638E+15 |1.9384E+15 |1.8250E+15 [1.7215E+15 |1.5243E+15
18 7.2203E+15 16.6839E+15 [6.2352E+15 |5.8471E+15 |5.5038E+15 |5.1949E+15 |4.6141E+15
Total [2.9848E+16 {2.6967E+16 |2.4704E+16 |2.2881E+16 [2.1376E+16 [2.0107E+16 (1.7912E+16
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Table 5;3.8-16 Fuel Axial Source Profile Parameters

Burnup Average Source to Source
Type | Peak to Average | Source | Exponentb | Average Burnup |Peak to Average
PWR 1.08. Neutron 422 1.125 1.230
Gamma 1.00 1.000 1.080
BWR 1.22 Neutron 4.22 1.582 1.463
Gamma 1.00 1.000 1.220

Table 5.3.8-17 PWR Fuel Axial Source Profile

NAC international

% Core Burnup Photon Neutron

Height Profile Source Source

0.00% 0.5470 0.5470 7.840E-02
2.50% 0.6358 0.6358 | 1.479E-01
5.00% 0.7247 0.7247 2.569E-01
7.50% 0.8135 0.8135 4.185E-01
10.00% 0.9023 0.9023 6.481E-01
12.50% 0.9912 0.9912 9.633E-01
15.00% 1.0800 1.0800 | 1.384E+00
50.00% 1.0790 1.0790 1.378E+00
85.00% 1.0800 1.0800 1.384E+00
87.50% 0.9912 0.9912 9.633E-01
90.00% 0.9023 0.9023 6.481E-01
92.50% 0.8135 0.8135 4,185E-01
95.00% 0.7247 0.7247 2.569E-01
97.50% |- 0.6358 0.6358 1.479E-01
100.00% 0.5470 0.5470 7.840E-02
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Table 5.3.8-18 BWR Fuel Axial Source Profile

Burnup

5.3.8-18

% Core Photon Neutron
Height Profile Source Source
0.00% 0.0430 0.0430 1.711E-06
2.50% 0.2392 0.2392 2.388E-03
5.00% 0.4353 0.4353 2.991E-02
7.50% 0.6315 0.6315 1.437E-01
10.00% 0.8277 0.8277 4.501E-01
12.50% 1.0238 1.0238 1.105E+00
15.00% 1.2200 1.2200 2.314E+00
50.00% 1.2190 1.2190 2.306E+00
© 55.00% 1.2200 1.2200 2.314E+00
55.01% 1.1800 1.1800 2.011E+00
80.00% 1.1810 1.1810 2.018E+00
82.50% 1.0379 1.0379 1.170E+00
85.00% 0.8958 0.8958 6.284E-01
87.50% 0.7536 0.7536 3.031E-01
90.00% 0.6115 0.6115 1.255E-01
92.50% 0.4694 0.4694 4.110E-02
95.00% 0.3272 0.3272 8.970E-03
97.50% 0.1851 0.1851 8.104E-04
100.00% 0.0430 0.0430 1.711E-06
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Table 5.3.8-19 Fuel Region Homogenized Material Description [atom/b-cm]

SCALE Number Density [atom/b-cm]

Isotope PWR BWR 7x7 . BWR 8x8
OXYGEN-16 1.04184E-02 1.72764E-02 1.27718E-02
CHROMIUM(SS304) 1.99453E-03 1.99453E-03 1.99453E-03
MANGANESE 1.98706E-04 1.98706E-04 1.98706E-04
IRON(SS304) 6.79292E-03 6.79292E-03 6.79292E-03
NICKEL(SS304) 8.83557E-04 8.83557E-04 8.83557E-04
ZIRCONIUM ALLOY 2.88833E-03 5.16316E-03 4.24529E-03
URANIUM-234 2.86507E-07 4.75102E-07 3.51224E-07
URANIUM-235 3.75064E-05 6.21953E-05 4,59785E-05
URANIUM-238 5.17142E-03 8.57554E-03 6.33956E-03

Table 5.3.8-20 Basket and Cask Shielding Material Composition [atom/b-cm]

SCALE Number Density
Material Isotope [atom/b-cm]
Aluminum ALUMINUM 6.03066E-02
Stainless Steel 304 CHROMIUM(SS304) 1.74286E-02
MANGANESE 1.73633E-03
IRON(SS304) 5.93579E-02
NICKEL(SS304) 7.72070E-03
Lead LEAD 3.29690E-02
Neutron Shield HYDROGEN 5.99351E-02
CARBON-12 1.07197E-02
OXYGEN-16 2.46077E-02

5.3.8-19
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Table 5.3.8-21 Basket Model Parameters

Outer Dimension Thickness
Parameter [in] [cm] [in] [cm]
Array size 3.5600 9.0424 -
Fuel pin insert tube 0.6875 1.7463 0.0280 0.0711
Internal spacer 3.9350 9.9949 0.1875 0.4763
Void 5.0000 12.7000 0.5325 1.3526
Weldment tube 5.5000 13.9700 0.2500 0.6350
Void 5.7500 14.6050 0.1250 0.3175
Insert wall 8.5000 21.5900 1.3750 3.4925
Basket opening 8.8800 22.5552

Table 5.3.8-22 LWT Cask One-Dimensional Model for LWR High Burnup Rod Analysis

Model Region Material Outer Radius[cm]
Rod array Fuel - 5.1016
Spacer SS304 5.6390
Spacer void Void 7.1652
Weldment wall SS304 7.8817
Weldment void Void 8.2400
Insert wall Aluminum 12.1809
Insert void Void 12.7254
Basket Aluminum 16.9863
[nner shell SS304 18.8214
Lead Shield Lead 33.2890
Lead Gap Void 33.4264
Outer Shell SS304 36.3728
Neutron Shield Neutron Shield 49.0728
Shield Shell SS304 49.1338
NAC International 5.3.8-20
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Table 5.3.8-23 LWT Cask Surface Neutron Dose Response Function

Surface Neutron Dose Response [(mrem/hr)/(10+ n/cm3/sec)]

Group PWR BWR-7x7 BWR-8x8
1 2.7193E+07 2.6380E+07 2,6835E+07
2 1.6896E+07 1.6513E+07 1.6726E+07
3 1.5997E+07 1.5593E+07 1.5829E+07
4 1.2227E+07 1.1960E+07 1.2127E+07
5 1.0406E+07 1.0101E+07 1.0295E+07
6 8.3940E+06 8.2487E+06 8.3427E+06
7 6.2803E+06 6.1775E+06 6.2441E+06

Table 5.3.8-24 LWT Cask Surface Gamma Dose Response Function

Surface Gamma Dose Response [(mrem/hr)/(10~ y/cm3/sec)]
Group PWR BWR-7X7 BWR-8X8
1 1.2725E+03 1.0022E+03 1.1584E+03
2 1.6222E+03 1.2839E+03 1.4795E+03
3 1.7521E+03 1.3907E+03 1.5995E+03
4 1.6430E+03 1.3055E+03 1.5002E+03
5 1.3176E+03 1.0457E+03 1.2020E+03
6 8.4261E+02 6.6508E+02 '7.6670E+02
7 - 4.5052E+02 3.5272E+02 4.0845E+02
8 1.7075E+02 1.3183E+02 1.5387E+02
9 4.8503E+01 3.6807E+01 4.3389E+01
10 . 5.5182E+00 4.0692E+00 4.8783E+00
11 1.6030E-01 - 1.1350E-01 1.3927E-01
12 1.5868E-03 1.0805E-03 1.3561E-03
13 1.4339E-08 9.2536E-09 1.1975E-08
14 5.4441E-25 3.3976E-25 4.4798E-25
15 . 0.0000E+00 0.0000E+00 0.0000E+00
16 0.0000E+00 0.0000E+00 0.0000E+00
17 0.0000E+00 0.0000E+00 0.0000E+00
18 0.0000E+00 0.0000E+00 0.0000E+00

‘NAC International
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Table 5.3.8-25 LWT Cask 2m Neutron Dose Response Function

2m Neutron Dose Response [(mrem/hr)/(10» n/cm?/sec)]

Group PWR - BWR-7X7 BWR-8X8
1 2.3145E+06 2.2330E+06 2.2792E+06
2 1.3767E+06 1.3396E+06 1.3604E+06
3 1.2981E+06 1.2593E+06 1.2821E+06
4 9.5362E+05 9.2901E+05 9.4445E+05
5 7.8702E+05 7.6091E+05 7.7751E+05
6 6.0300E+05 5.9196E+05 5.9909E+05
7 4.2161E+05 4.2585E+05

4.2815E+05

Table 5.3.8-26 LWT Cask 2m Gamma Dose Response Function

2m Gamma Dose Response [(mrem/hr)/(10x Wcmslsec)]

Group PWR - BWR-7X7 BWR-8X8
1 1.6112E+02 1.2688E+02 1.4667E+02
2 2.0395E+02 1.6141E+02 * 1.8600E+02
3 2.1743E+02 1.7261E+02 1.9851E+02
4 2.0052E+02 1.5935E+02 1.8310E+02
5 1.5806E+02 1.2547E+02 1.4421E+02
6 9.9064E+01 7.8207E+01 9.0147E+01
7 5.2070E+01 4.0775E+01 4,7212E+01
8 1.9335E+01 1.4930E+01 1.7425E+01
9 5.3870E+00 4.0885E+00 4.8193E+00
10 5.9731E-01 4.4050E-01 5.2806E-01
1 1.6841E-02 1.1924E-02 1.4631E-02
12 1.6212E-04 1.1039E-04 1.3855E-04
13 1.4138E-09 9.1234E-10 1.1807E-09
14 5.2387E-26 3.2694E-26 4.3107E-26
15 0.0000E+00 0.0000E+00 0.0000E+00
16 0.0000E+00 0.0000E+00 0.0000E+00
17 0.0000E+00 0.0000E+00 0.0000E+00
18 0.0000E+00 0.0000E+00 0.0000E+00
NAC International 5.3.8-22
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Table 5.3.8-27 Surface Dose Responses [mrem/hr] and Cask Decay Heat [kW] for Various
Decay Times

Burnup Decay Time [d]
Fuel | [GWd/MTU] | Source | 150 180 210 240 270 300 365

PWR 80 Neutron | 352 | 347 | 343 | 338 | 334 | 330 | 323
Gamma | 531 | 490 | 458 | 43.0-| 404 | 380 | 333
Total | 883 | 837 | 801 | 768 | 738 | 711 | 656
Heat | 2.3 2.0 1.9 1.7 16 15 1.3
BWR 80 Neutron | 986 | 972 | 960 | 947 | 936 | 925 | 903
X7 | Gamma | 53.6 49.5 46.4 43.6 41.0 38.6 34.0
Total | 1522 | 146.8 | 1423 | 138.3 | 1346 | 131.1 | 1243
Heat . | 2.8 2.6 2.4 2.2 2.1 2.0 18
70 Neutron | 521 | 513 | 506 | 499 | 493 | 487 | 476
Gamma | 514 | 475 | 444 | 417 | 393 | 369 | 324
Total | 1035 | 988 | 950 | 916 | 885 | 856 | 80.0
Heat 26 | 24 2.2 2.0 19 1.8 16
60 Neutron | 27.9 | 273 | 268 | 263 | 259 | 255 | 248
Gamma | 488 | 451 | 422 | 395 | 371 | 349 | 306
Total | 767 | 724 | 689 | 658 | 630 | 604 | 554
Heat 24 2.2 2.0 1.8 1.7 16 14
BWR 80 Neutron | 714 | 704 | 695 | 686 | 678 | 671 | 655
8x8 | Gamma | 462 | 427 | 399 | 375 | 353 | 333 | 293
Total | 1175 | 1131 | 1095 | 1062 | 1032 | 1004 | 94.9
Heat 2.1 1.9 17 16 15 1.4 13
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Table 5.3.8-28 2m Dose Responses [mrem/hr] and Cask Decay Heat [kW] for Various
Decay Times ‘

Burnup Decay Time [d]
Fuel | [GWd/MTU] | Source | 150 180 210 240 270 300 365
PWR 80 Neutron 2.3 2.2 2.2 2.2 2.1 2.1 2.1

Gamma | 5.6 5.2 48 | 45 4.3 4.0 3.5
Total 7.9 7.4 7.0 6.7 6.4 6.1 5.6
Heat 2.3 2.0 1.9 17 | 18 15 1.3
BWR 80 Neutron | 5.3 5.2 5.1 5.1 5.0 5.0 4.8
7X7 Gamma | 50 | 46 4.3 4.1 3.8 3.6 3.2
Total 10.3 0.8 9.5 9.2 8.8 8.6 8.0
Heat 2.8 2.6 2.4 2.2 2.1 2.0 18
70 | Neutron | 2.8 2.8 2.7 2.7 2.6 2.6 2.6
Gamma | 48 | 44 4.2 3.9 3.7 3.4 3.0
Total 76 | 72 6.9 6.6 6.3 6.1 5.6
Heat 2.6 2.4 2.2 2.0° 1.9 1.8 1.6
60 Neutron | 1.5 15 14 1.4 14 14 1.3 ‘
Gamma | 4.6 4.2 3.9 3.7 35 3.3 2.9
Total 6.1 5.7 5.4 51 | 49 46 4.2
Heat 2.4 2.2 2.0 1.8 17 1.6 14
BWR 80 Neutron | 3.8 3.8 3.7 3.7 3.6 3.6 35
8x8 Gamma 4.3 4.0 3.7 35 | 33 3.1 2.7
Total 8.1 78 | 75 7.2 69 | 67 6.3
Heat 2.1 1.9 17 16 15 1.4 1.3
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Table 5.3.8-29 Loading Table for PWR and BWR High Burnup Rods Showing Minimum
Required Cool Time as a Function of Burnup and Enrichment

Burnup, b Minimum Cool Time
Fuel Type [GWd/MTU] [d]
PWR b <80 150
BWR 7x7 b <60 210
60<b<70 240
70<b<80 270
BWR 8x8! b <80 150

! Includes rods from all larger BWR assembly arrays (e.g., 9x9, 10x10).

NAC International 5.3.8-25
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6.3.4 PWR and BWR Rods in a Rod Holder or Fuel Assembly Lattice

The NAC-LWT cask may transport up to 25 intact PWR or BWR fuel rods that are in a fuel rod
holder or fuel assembly lattice. Up to 14 of 25 PWR or BWR fuel rods in a fuel rod holder may
be classified as damaged.

Nonfuel-bearing irradiated guide tubes and water rods may be included in the rod holder. These
components displace moderator space between fuel rods and reduce the maximum amount of
fissile material in the cask. The model developed in this section, therefore, bounds the inclusion
of nonfuel-bearing materials such as guide tubes and water rods in the NAC-LWT rod
holder/insert. |

6.3.4.1 Intact PWR or BWR Rods in a Rod Holder or Fuel Assembly Lattice

This section describes the methodology and the models used in the criticality analysis of the
NAC-LWT with 25 design basis PWR or BWR rods in a rod holder or fuel assembly lattice. The
methodology uses the CSAS2S5 criticality sequence from the SCALE 4.3 computer code package
with the 27-group END/B-IV cross-section set. CSAS25 is the control sequence for the Material
Information Processor (MIP), BONAMI, NITAWL-II and KENO-Va computer codes. The
Material Information Processor generates number densities and prepares the geometry data for
the resonance self shielding calculation. BONAMI and NITAWL-II calculate the resonance
corrected cross sections in AMPX working format. KENO-Va uses the Monte Carlo technique
to calculate the ke of a system In these analyses, approx1mately 300 batches of 1000 neutrons
per batch are tracked through the system.

Description of Calculational Models

The KENO-Va model of the NAC-LWT with 25 intact PWR or BWR fuel rods includes a -
triangular lattice formation of design basis rods centered in the cask cavity. No credit is taken for
geometry control provided by either the rod holder or the fuel assembly lattice. The fuel rods,
cask cavity and radial shields are explicitly modeled as shown in Figure 6.3.4-2. The KENO-Va
model has two UNITs. UNIT 1 represents a PWR or BWR rod cell. It uses concentric

- CYLINDERS to model the fuel pellet, clad gap, and the cladding of the fuel rod. UNIT 2 is the
GLOBAL UNIT containing CYLINDERs that model the cask, cavity, steel liners, and shields.
There are 25 HOLEs placed in the cask cavity with X, Y, and Z coordinates that place rods in a
triangular lattice position. The cask outer CYLINDER is surrounded by a CUBOID, and
reflecting boundary conditions are imposed on the sides, top and bottom which simulates an
infinite array of casks of infinite length. Adjusting the X-Y spacing of the CUBOID surrounding
the cask varies cask center-to-center spacing. The material properties used in the model are
shown in Table 6.3.4-1.

NAC International . 6.3.41




NAC-LWT Cask SAR | | July 2009
Revision LWT-09C ' ‘ '

To determine the optimum configuration, cask kg is studied as a function of fuel rod pitch within
the cask cavity. This is done by changing the coordinates of the rod HOLEs. Twenty different
pitch values that range from the most compact configuration to the most dispersed configuration
are evaluated. Figure 6.3.4-1 shows a simplified view of the cask with three different _
configurations. The analysis is performed for accident conditions with water at 1 gm/cc modeled
between the fuel rods, in the cask cavity surrounding the rods. In addition, the neutron shield and
cask exterior contain no water. The analyéis is performed with these conditions with a dry and a
wet clad gap. |

An infinite array KENO-Va model of the NAC-LWT cask with 25 PWR or BWR fuel rods at the
optimum pitch is used to evaluate the reactivity of the cask. The water moderator is allowed to
vary in the cavity and outside the cask under normal conditions and is allowed to vary inside the
neutron shield tank under accident conditions. Cask center-to-center spacing is varied by
adjusting the dimensions of the CUBOID surrounding the cask. The ke results of this infinite
array model are always below 0.95 including all biases and uncertainties.

Package Regional Densities

The composition densities (gm/cc) and nuclide number densities (atm/b-cm) calculated by the
material information processor and used in the subsequent criticality analyses are shown in Table
6.3.4-1.

6.3.4.2 Damaged PWR and BWR Rods in a Rod Holder

This section describes the methodology and the models used in the criticality analysis of the
NAC-LWT with 25 PWR or BWR rods, up to 14 of which may be damaged. Although the NAC-
LWT payload is limited to 14 damaged fuel rods in a 25-rod shipment, the analysis
conservatively considers all 25 rods as failing during transport. :

The methodology uses the CSAS25 criticality sequence from the SCALE 4.3 computer code
package with the 27-group ENDF/B-IV cross-section set. CSAS25 is the control sequence for
the Material Information Processor, BONAMI, NITAWL-II and KENO-Va computer codes. The
Material Information Processor generates number densities and prepares the geometry data for
the resonance self-shielding calculation. BONAMI and NITAWL-II calculate the resonance
corrected cross-sections in AMPX working format. KENO-Va uses the Monte Carlo technique
to calculate the kg of a system. In these analyses, approximately 300 batches of 1,000 neutrons
per batch are tracked through the system.

Description of Calculational Models

Two calculational models were employed to evaluate the NAC-LWT system reactivity with
damaged fuel rods.
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The first model explicitly models unclad UO; rods in a triangular pitch. System reactivity is
maximized by increasing the number of fuel rods while decreasing the rod diameter to conserve
fuel area in the infinite height model (i.e., reflective boundary conditions are placed on the active

fuel region). Fuel rod arrays of 25, 37 and 61 rods are considered. The latter two arrays are
hexagonal with no lattice vacancies. For each of the three postulated rod arrays, the maximum
reactivity pitch is determined for both PWR and BWR rods. System reactivity is determined
using an axially infinite cask model in an infinite cask array. In establishing the trend of
increasing reactivity with larger rod arrays, kg values for the explicit rod cases are calculated
with full density water in the cask interior, exterior, and neutron shield. Void exterior and void

_ neutron shield (accident) conditions are considered for the 61 rod array in addition to preferential
flooding of the cask cavity. The maximum reactivity configuration for 61 rods (with an active
fuel cross-sectional area equivalent to 25 intact rods) is shown in Figure 6.3.4-3. Fuel rod arrays
with greater than 61 rods are not considered. As demonstrated in Section 0, increasing the
number of fuel rods modeled increases the cross-sectional area of the most reactive lattice. The
cross-sectional area required for the 61-rod array exceeds the area available in the interior of the
rod holder and, therefore, represents a bounding, conservative configuration.

The second model considers a homogenized mixture of UO, and water with a square
cross-section and finite axial height within the NAC-LWT fuel rod holder. The square cross-
sectional area of the rod holder is conservatively based on the exterior width of the rod holder,
13.97 cm. Based on the maximum BWR pellet diameter and fuel length of 150 inches, the finite
axial height of the fuel mixture is calculated based on various UO, volume fractions. The UO,
volume fraction is varied until the maximum reactivity is determined. System reactivity is
determined using an infinite cask array with a periodic reflection axial boundary condition. Given
the limiting UO,/water fuel material description, water moderation variations are considered in
the cask cavity (outside the rod holder), the cask exterior, and the cask neutron shield. The
neutron shield material definition is tied to the exterior moderator definition; a void exterior
includes a void neutron shield. Thus, the accident condition of loss of neutron shielding is
explicitly modeled when the exterior moderator is set to void. Figure 6.3.4-4 and Figure 6.3.4-5
give dimensions of the maximum reactivity.homogenized mixture configuration of finite extent.

Package Regional Densities

The composition densities (gm/cc) and nuclide number densities (atm/b-cm) calculated by the
material information processor and used in the subsequent criticality analyses are identical to
those shown for intact fuel evaluations Figure 6.3.4-1. Additional material densities may be
obtained from the sample input/output file provided in Section 6.6.10.
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Figure 6.3.4-1 Triangular Pitch Lattice Formation of 25 PWR Rods ‘
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(c) Maximum Pitch
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Figure 6.3.4-2 KENO-Va Model of the NAC-LWT Cask with 25 PWR Rods
(Dimensions in centimeters) '
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‘ Figﬁre 6.3.4-4 KENO-Va Model of the NAC-LWT Cask with Damaged Fuel Rods ~
Radial Detail .
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Figure 6.3.4-5 KENO-Va Model of the NAC-LWT Cask with Damaged Fuel Rods —

Axial Detail
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Table 6.3.4-1 Compositions and Number Densities Used in the Criticality Analysis of

PWR and BWR Rods
5.0% 304
Enriched | Zirconium Stainless ,_
Material uo2 Alloy H20 Steel Pb Al
Density, gm/cc 10.412 6.56 0.9982 7.920 11.344 2.702
Nuclide atm/b-cm ‘
Uranium 235 1.176E-3
Uranium 238 2.206E-2
Oxygen 4.647E-2 3.338E-2
Hydrogen 6.677E-2
Zirconium Alloy 4.331E-2 -
Iron 5.936E-2
Chromium 1.743E-2
Nickel 7.721E-3
Manganese 1.736E-3
" Lead 3.297E-2
Aluminum 6.031E-2

NAC Interhational
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7 OPERATING PROCEDURES

This chapter describes the generic operating procedures for loading, unloading and preparing the

NAC-LWT package for transport. These procedures shall be implemented to ensure the package
is used in accordance with Certificate of Compliance (CoC) No. 9225 for the NAC-LWT
packaging.

These procedures are based on generic site conditions and assume that the package arrives at the
handling site with the appropriate internals installed in the cask. Additional operations and/or
modifications (i.e., sequence of operations, use of parallel operations, etc.) to these proceduiés to
address site-specific conditions may be required for each user’s facility. These additional
operations and/or modifications will be documented in site-specific procedures.

In addition, site-specific procedures may incorporate signoffs for activities or operational
sequences as they are performed. Oversight organizations, such as Quality Assurance or Quality
Control, may participate in certain package handling operations. The use of s_ignoffs can assist
the user in assuring that critical steps are not overlooked, that the package is handled in
accordance with the CoC and Safety Analysis Report (SAR), and that appropriate records are
retained as required by 10 CFR 71.91.

‘The NAC-LWT package is designed and certified to transport numerous fissile and radioactive
~ contents, as described in the CoC, as a Type B(U)F-96 package in a leaktight containment
boundary configuration. - ‘

© The NAC-LWT is also certified for the transport of Tritium Producing Burnable Absorber Rod
(TPBAR) contents, as described in the CoC, as a Type B(M)-96 package in a leaktight
containment boundary configuration. NAC-LWT cask units designated for the transport of
TPBAR contents shall be configured with Alternate B vent and drain port covers in accordance
with the license drawings, and subjected to the additional hydrostatic test per the requirements of
Section 8.1.2. h '

Loaded shipments received at U.S. Department of Energy (DOE) facilities shall be receipt
surveyed and monitored in accordance with DOE regulations. As required, the shipper will be
notified of any survéy or shipping discrepancy and the shipper will ensure appropriate regulatory
notifications are completed.

When the package is handled in accordance with the procedures provided herein, and is loaded
within the conditions of the CoC and the SAR, the resulting occupational exposures will be
maintained as low as reasonably achievable (ALARA), as required by 10 CFR 20.

NAC Iniernational 7.11
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71 Procedures for Loading Packages -

For the shipment of loaded packages, the cavity shall be dry, the contents and nameplate package

| identification, corresponding to the contents, shall be verified as correct, and the other applicable
conditions of the Certificate of Compliance (CoC) shall be verified as met. Site-specific
procedures for dry handling and loading of fuel assemblies and other authorized contents will be
prepared to incorporate the dry transfer system components required to safely and efficiently load
the NAC-LWT at each loading facility. Dry loading and transfer procedures are not specifically
described in the individual loading procedures due to these facility and réquired equipment
variations. Content configurations may require spacers, baskets, basket inserts, canisters, etc., to
support and/or control the conterit geometry during transport. The transport configurations
identifying the specific contents and components required are specified in the license drawings.
Solid, irradiated and contaminated hardware will generally be loaded wet 4uti1izing the procedure
guidance of Section 7.1.1. Alternatively, the solid, irradi_ated and contaminated hardware can be -
loaded dry utilizing dry loading procedures (i.e;, per Section 7.1.2) modified to the requirements

- of the dry loading facilities.

Two port cover designs are available for use. The alternate port cover has an O-ring along the
barrel and a Viton® O-ring on the inner end of the port cover. The alternate port cover was
developed to provide a leaktight containment boundary and to facilitate ease of installation. The
second port cover design is the Alternate B port cover that has two face seals on the inner end of |
the port cover. The Alternate B port cover was developed to provide a high-pressure and

leaktight containment boundary and is required to be installed for the transport of TPBAR
contents. The two port cover designs can be used interchangeably for authorized contents not
requiring a high-pressure containment boundary ¢apabi1ity.

The alternate port cover bolts are torqued to 100 £ 10 inch-pounds. The Alternate B port cover
bolts are torqued to 285 =+ 15 inch-pounds to ensure compression of the metallic containment
O-ring seal.

As required for the TPBAR contents, procedures will specify the use of the Alternate B port
covers. In these loading prbcedures, the more restrictive Alternate B port cover helium leakage
rate testing is described. For other content loading procedures, either port cover design can be
used. However, if the Alternate B port covers are used, the metallic O-ring seal will be replaced
~ for each transport following component removal and the helium maintenance leakage rate test is
| required to be performed.
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For cask loading operations performed under water or when water is introduced into the cask
cavity, the cask cavity is requiréd to be blown down to remove the cavity water, vacuum dried,
verified as dry, and helium backfilled prior to final closure and leakage testing. The cavity is
vacuum dried by attaching a vacuum pump to the vent and/or drain port and evacuating the
cavity to a pressuie of less than 10 torr (13 mbar), and continuing to vacuum pump for an
additional 15 minutes. If the cavity pressure rise is less than 5 torr (6.7 mbar) during a 10-minute
isolation and hold period, there is no free water in the cavity and the cask cavity is verified as
dry. Final containment closure and leakage testing operations in preparation for transport can
proceed. If the pressure rise is >5 torr (6.7 mbar), the vacuum drying will be continued until the
dryness verification criteria are met. The successful performance of the dryness verification and
backfilling the cavity with helium ensures that there is no free water in the cavity and oxidation
of the cask’s contents is precluded. When the cask is loaded in a dry cell or under other
conditions where no water is introduced into the cask cavity, the procedure sequences for cavity

blow down, vacuum drying and dryness verification can be eliminated and the loadihg sequence

" can proceed directly to final closure, containment boundary leakage testing and helium backfill

operations.

741 - Procedures for Wet Loading of LWR Fuel Assemblies and Canistered
LWR Fuel Rods

The procedures for wet loading the NAC-LWT with LWR fuel are as follows:

1. Perform a receipt inspection of the empty cask and trailer/ISO container, inspecting for
transport damage.

2. Position the trailer in the designated cask unloading area. Set the trailer brakes and
chock the wheels toprevent unintended movement. If site-specific conditions exist that
require the trailer to move to allow the cask to be uprighted on its rotation trunnions,
release brakes and remove the chocks when required to complete uprighting operations.
If an ISO container is used, it may be removed from the trailer and secured in the
unloading area.

3.  Remove the personnel barrier or the roof and roof cross-members from the ISO
container.

Note: Verify that the package nameplate displays the correct package 1dent1ﬁcat10n
number in accordance with the CoC.

4.  Perform a Health Physics survey of the cask and adjacent surfaces of the trailer.

Note: A receiving survey of the cask and transporter must be performed as soon as
practicable after arrival at the site to assure compliance with 10 CFR 20, 10
CFR 71.87(i) and 10 CFR 71.47, and to assure timely reporting of any
reportable noncompliance.
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5.
6.
1.

10.

11.

12.

13.
14.
15.

16.

17.

Remove the top and bottom impact limiters.
Remove the cask tie-down strap..

Using the lifting yoke with the guides removed, engage the lifting trunnions. Raise the
cask to vertical by rotating the cask rotation sockets on the rear cask supports, moving
the crane and/or trailer as required to keep the lift yoke engaged to the trunnions and the
cask engaged in the rear supports. When the cask is fully vertical, lift the cask from the
supports and remove it from the trailer/container.

Place the cask in the cask preparatlon area or other designated location. Disengage the
hftlng yoke. Clean cask surfaces of road dirt as required for entry into the spent fuel
pool.

Visually inspect the neutron shield tank fill, drain and level inspection plugs for signs of
neutron shield fluid leakage. If leakage is detected or suspected, venfy shield tank fluid
level and correct, as required.

Remove the vent and drain valve port covers. Prior to reinstallation of the port covers,
carefully inspect the valve port cover O-ring seals and, if the O-rings show any damage,
replace them with approved spares. Ensure that the replacement O-rings are properly
installed and seated. Visually inspect the valved quick-disconnect nipples and replace
them, if necessary.

Note:  For Alternate B port covers, replace the metallic O-ring with an approved
spare prior to reinstallation.

Remove closure lid bolts. Attach the lid lift slings to the closure lid. Remove the
closure lid and set it on a support that is suitable for radiological control and for
maintaining the cleanliness of the closure lid. Prior to reinstallation of the lid, carefully -
inspect the Teflon O-ring seal in the underside of the closure lid and, if it shows any
damage, replace it. Remove the metallic O-ring and replace it with an approved spare.
Ensure that the replacement O-rings are properly installed and seated. Inspect the lid

- bolts and replace any that are damaged.

Visually inspect the inner cavity' for foreign material or damage. Install or verify the
presence of the proper drain tube and basket assembly.

Fill the cask cavity with clean water.
Install lift yoke arm guides and remote actuation component on the cask lifting yoke.

Engage the cask lifting yoke with the cask lifting trunnions and pick up the cask.
Carefully lower the cask to the bottom of the cask loading area. Rinse the cask surfaces
with clean water to minimize cask surface contamination.

Disengage the lifting yoke from the cask and remove the yoke from the pool, if
necessary, to provide fuel loading clearance.

Identify the fuel assembly(ies) or canistered LWR fuel rods to be loaded. Verify the
identified materials comply with the content conditions and authorized quantities as
specified in the CoC.
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18.

19.

20.
21.

22.

23.

24.
25.

26.

- 27.

28.
29.

30.

31.

Pick up the fuel assembly or transport canister contalnmg individual fuel rods, using the
required grapple system.

Note: See Section 7.1.8 procedures for instructions for loading and preparing PWR or
BWR rods and nonfuel-bearing components in a transport canister.

Position the fuel contents over the cask and carefully lower them into the cask to avoid
damage to the cask sealing surfaces. Confirm that the fuel assembly (or transport canister
and insert, or material container) is fully seated, then release the grapple from the fuel -
assembly (or transport canister and insert) and raise the grapple to the full up position.
Repeat this step as necessary to load multiple assemblies or containers (if required).

Position the cask lifting yoke over the cask closure lid. Attach the slings to the closure lid
and cask lifting yoke. Lower the yoke over the cask.

Position the closure lid over the cask and slowly lower it into place using the cask and lid
match marks as guides. Visually confirm that the closure lid is seated.

Lower the cask handling yoke to slack the closure lid cables. Engage the cask lifting
trunnions with the yoke and begin lifting.

Note: Visually verify the yoke engagement before .lifting the cask.

Raise the cask until the lid is slightly above the surface of the pool. At the option of the
licensee/user, a number of closure lid bolts (i.e., 4 to 12) may be installed hand tight. -

Raise the cask clear of the pool, rinsing the yoke and cask with clean water.

Transfer the cask to the decontamination plt or other work area. Remove the yoke and lid
lift slings.

" Install and tighten the 12 closure lid bolts to 260 + 20 ft-1b in three passes, using the

torque sequence stamped on the closure lid.

At the option of the licensee/user, a 25 to 50 gallon clean water flush of the cask cavity
may be performed by connecting a valved, clean water line to the drain valve and a valved
drain line to the vent valve. After the cavity flushing is completed if performed
disconnect the water supply and drain lines.

Connect a gas supply line to the vent valve and the drain line to the drain valve.

Open the nitrogen or helium gas supply valve and pressurize the cask cavity (< 30 psig) to
force any residual water out the drain line. Continue to supply pressurized gas to the cask
for a minimum of five minutes after the last residual free water discharges from the drain.
Remove the drain and gas supply lines and attach a vacuum drying system (VDS) to the
vent.

Evacuate the cask cavity to less than or equal to 10 torr (13 mbar) and continue vacuum
pumping for a minimum of 15 minutes. -

At the end of the vacuum pumping period, isolate the cask cavity from the vacuum pump
and stop the vacuum pump. Monitor the cask cavity pressure for a minimum of 10
minutes. If the pressure rise is less than 5 torr (6.7 mbar), the cavity is verified as dry of
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32.

33.

34.

35.

36.

37.

38.
39.

40.
4].
42.,
43.

free water. If the pressure rise is >5 torr (6.7 mbar), repeat vacuum drying until the
dryness verification results are satisfactory.

Backfill the cask cavity with helium to 0 psig (1 atmosphere, absolute), +1, -0 psi and
disconnect the VDS from the vent vaive.

Perform a helium leakage test of the closure lid containment O-ring ‘using a Helium Mass
Spectrometer Leak Detector (He MSLD)'in accordance with the procedural requirements
of Section 8.1.3.1, Steps 3 through 10.

Install the vent and drain alternate port covers and torque the bolts to 100 £10 inch-
pounds.

If an alternate port cover containment O-ring seal was replaced, perform a helium leakage
test on the affected port cover using a He MSLD in accordance with the requirements of
Section 8.1.3.2.2.

If the altemate port cover containment seal was inspected and accepted for reuse, perform
a gas pressure drop leakage test on the affected port cover as follows. -

a. Install a pressure test fixture to the port cover test port, including a calibrated
pressure gauge with a minimum sensitivity of 0.25 psi.

b. Pressurize the port cover seal annulus to 15 pSig, +1, -0 psi.

c. Isolate the gas supply and observe the pressure gauge for a minimum of five
minutes.

d. The acceptance criterion for the test is no measurable drop in pressure during the
minimum test time. An acceptable test assures that the minimum assembly
venﬁcatlon leakage test sensitivity is achieved. ’

Note Alternate B port covers, if used, require the satisfactory completion of a.
helium maintenance leakage rate test to confirm a leaktight seal condition
for each loaded transport. Install the Alternate B port cover and perform
the maintenance leakage rate test per the requirements of Section 8.1.3.3.2.

‘Decontaminate the cask surfaces. Survey the cask for surface contamination and radiation

dose rates.
Note:  Ensure compliance with 10 CFR 71.87(i) and 10 CFR 71.47.
Remove lift yoke arm guides. Engage the cask lifting yoke to the lifting trunnions.-

Lift the cask and position the cask rotation sockets in the rear rotation trunnions of the rear
support structure. Car